We report the molecular cloning of the tomato golden mosaic virus (TOW) genome in the E. coli plasmid pAT 153. The results of this work conclusively show that TGMV DNA consists of two components (designated A and B) of almost, but not exactly, the same size. Four different recombinant plasmids are described, two containing component A in opposite orientation and two containing component B in opposite orientation. Southern blot analysis revealed little sequence homology between A and B and showed both components to be equally represented in viral and intracellular DNA forms. Detailed restriction maps of the cloned DNAs are presented, and a comparison of these with digests of intracellular viral dsDHA indicates that the former are full-length faithful copies of TGMV DNA. This is the first report of the cloning of a geminivirus genome.
INTRODUCTION
Geminiviruses are unique among the plant viruses in having a genome of covalently closed single-stranded DNA (see 1 for review). Moreover, recent evidence indicates that the genomes of at least two members of this group are divided between two DNA components of identical size but different nucleotide sequence (2, 3) . We have previously reported the isolation and characterisation of virus-specific double-stranded DNA (dsDNA) found in cells infected with tomato golden mosaic virus (TGMV) (3). Here we report the molecular cloning of both components of TGMV DNA from ds viral DNA. The cloned DNAs are characterised with respect to their physical size, restriction endonuclease cleavage sites, sequence homology with the opposite component, and representation in intracellular viral DNA forms. The results provide strong evidence for a divided genome, and the possible significance of such a genomic arrangement is discussed.
MATERIALS AND METHODS
Isolation of ds viral DNA. The procedures used to isolate relaxed circular ds TGMV DNA have been previously described (3 Restriction endonuclease digestion and agarose gel electrophoresis.
All restriction endonuclease digestions were carried out in 20 mM Tris, 7 mM MgCl 2 , 100 mM KC1, 100 yg/ml gelatin, 1 mM dithiothreitol, pH 7.5.
Incubations were performed at 37°, except in the case of Pst I (30°).
Reaction products were analysed on IX agarose gels (containing 0.5 yg/ ml ethidium bromide) in TAE buffer (40 mM Tris, 5 mM acetic acid, 1 mM EDTA, pH 8.2). In some cases, DNA species were purified from agarose gel by the method of Dretzen et^ a_l. (10) There is an exact correspondence between the fragments resulting from digestion of insert and intracellular viral ds DNA (Fig. 1) . The total length of viral DNA fragments is twice that expected for unit-length TGMV DNA, indicating the presence of two components (3). The fragments which arise from digestion of cloned A and B DNA, however, clearly show each to be a subset of viral DNA with unit length size (Table I) . On the basis of this evidence, we conclude that the inserts described here are faithful and complete copies of viral DNA.
The A and B inserts appear in both possible orientations relative to Restriction maps. Cloned TGMV DNA was tested for restriction with twenty-one different enzymes. A catalogue of the fragments generated by the twelve enzymes which cut either or both components A and B is given in Table 1 . The molecular weight of component A, calculated as the averaged sum of the fragments for each enzyme, is 1.70 x 10 6 (ca. 2660 bp).
The molecular weight of component B is 1.65 x 10 6 (ca. 2580 bp). Both values are in good agreement with those previously obtained for single (14) and double-stranded (3) TGMV DNA, and provide further evidence fora small 1 2 3 23 6kbp Figure 3 Agarose gel electrophoresis of Eco RI cleaved recombinant plasmids.
(1) pBH 404; (2) a mixture of pBH 404 and pBH 407 (XDNA digested with Hind III is included as marker); (3) pBH 407. common. Both components appear to be represented to an equal extent in viral and virus-specific intracellular DNA forms. Together, these results provide strong evidence for a divided viral genome. Such a genomic arrangement has already been postulated for one other geminivirus (2) , and may prove to be the case for all members of this group.
The functional significance of a divided genome in this or any plant virus is obscure, although one might speculate that the expression of early genes (i.e. replicative functions) and late genes (i.e. virion proteins or assembly functions) are regulated in this way. It is noteworthy that in plant viruses with bipartite RNA genomes, such as tobacco rattle virus (15) and cowpea mosaic virus (16) , independent replication and expression of one RNA component proceeds in the absence of a second component which encodes virus structural protein(s). Perhaps a similar segregation of replicative and structural functions exists between the two DNA components of geminiviruses.
Geminiviruses themselves have considerable potential as vectors for the introduction of foreign genetic material into plants. As a group, they infect a wide range of moncotyledonous and dicotyledonous hosts. They, therefore, have an advantage over other potential vectors for plant genes, such as caulimoviruses (17) and Agrobacterium tumefaciens Ti plasmid (18) , which may be limited to dicots. We are currently studying the basic features of TGMV genome organisation in order to construct such a vector.
